Abstract: Tutorials play a key role in the teaching and learning of engineering sciences. However, the efficacy of tutorials as platforms for providing personal and academic support is continuously being challenged by factors such as declining faculty-to-student ratios and students' under-preparedness. This study adopted reciprocal peer tutorial assessment as an instructional strategy in a capstone course in Process Metallurgy. The findings from highlighted the delicate balance between the obvious benefits and the unintended consequences of adopting reciprocal peer assessments during tutorials. The obvious benefits of RPTA included opportunities for synergistic peer learning, healthy competition among students, self-directed learning, among others. However, the benefits of RPTA were negated by factors such as low level of trust among peers, anxiety over year marks, time constraints, and discomfort due to perceived incompetency when compared to their peers. Finally, the findings from the present study provided opportunities for iterative design and continuous improvement.
Background
Tutorials are important teaching and learning tools designed to enhance understanding of the disciplinary content covered in lecturers [1] . Tutorials create an active and interactive learning environment, and are considered an important platform for providing both academic and personal support [1, 2] . As opposed to the didactic nature of lectures and other forms of instruction, tutorials are support systems where students engage with specific learning materials, and provide opportunities for students to express own points of view and interact and relate with tutors and other students through discussion and problem-solving [1, 2] . Despite the widely documented benefits of tutorials as instructional tools in engineering education, the impact on students learning is continuously being questioned. In essence, the success of tutorials as learning tools largely depend on the students' preparedness in, and commitment to, the tutorial sessions [1, 3] . Students' participation also plays a critical role in the success of tutorials as supplemental tools for guided learning [1] . The under preparedness of students, and the poor attendances during tutorials, are some of the factors that often militate against the effectiveness of tutorials to students learning.
Inasmuch as the conventional tutorial strategies may still be relevant and effective, contestations exist around their efficacy in large number of students. In South Africa, in particular, large student enrolments are typical in most public universities. The declining faculty-student ratios are, thus, proving to be a challenge in the deployment tutorials as effective teaching and learning strategies. In order to circumvent some of these challenges, this paper proposes a tutorial-based assessment without model answers. By comparing the discrepancies in the marks allocated before and after the distribution of model of model answers, the study provided the students with opportunities to constructively and critically become aware of the subject matter and the communication aspects in examinations [12] . Thus, the RPTA approach is potentially a powerful collaborative learning tool that can catalyse the ability of students to master knowledge areas in stages, learn from their successes and mistakes, and build disciplinary self-efficacy as they progress through knowledge requirements of the course. Furthermore, RPTA can also be considered to be a panacea to effective assessment and rapid feedback in large classes [4, 7, 11, 12, 18] .
Students' Perceptions to Peer Assessments
Whilst acknowledging the benefits of peer-assessments highlighted so far, there are several challenges and limitations associated with the assessment process [12, [19] [20] [21] [22] [23] [24] [25] [26] [27] . Previous studies noted the negative impact of peer assessments on relationships among the peers and criticized the potential lack of validity, reliability and objectivity in the assessments undertaken by students [12, 19, 20] . Gray [12] highlighted the tendency by students to be too harsh on the colleagues as evidenced by the tendency to under-mark their peers' work. Liu and Carless [26] highlighted the challenge of perceived lack of expertise based on students' belief that their peers are not qualified enough to give insightful expertise.
The perceptions of students on peer assessments can have a significant influence on their approaches to learning [20, [27] [28] [29] [30] [31] [32] . Van de Watering et al., [31, 32] defined students' perception of assessments as the way in which the students viewed and understood the role, importance and nature of assessments. Birenbaum [29] highlighted that the differences in assessment preferences correlated with differences in learning strategies. Depending on intrinsic and extrinsic factors, students can adopt either the surface or the deep learning approach. In surface learning approaches, students view the assessments as unwelcome external impositions, and the learning strategy is often associated with the desire to complete the task with as little personal engagement as possible [20, 22, [28] [29] [30] [31] [32] . In contrary, deep learning approaches, are based on active conceptual analyses and often result in a deep level of conceptual understanding [20, 22, [30] [31] [32] . This implies that assessment strategies perceived inappropriate may constrain intrinsic motivation for deep learning by students, which in turn can encourage surface approaches. In fact, previous research has demonstrated that positive intrinsic motivation is related to greater cognitive engagement as well as positive actual academic performance [20, 22, 28, 29] .
Understanding the perceptions and preferences of students to peer assessments thus provides opportunities to improving the design construct of the process assessment process. Previous studies highlight a positive correlation between the students' preferences and perceptions to assessment method and the level of skills acquired [20, 28, 29] . Nevertheless, the mismatch between the students' perceptions and expectations of peer assessments often presents a conundrum to the design and implementation of RPTAs. Drew [33] highlighted the need for clear expectations, clear assessment criteria and timely feedback as possible ways of helping students learn. In other studies, Vickerman [19] proposed that the design and structure of peer assessments should ensure that students appreciate the technicalities and interpretations of assessment criteria in order for them to make sound judgments on the subject content.
Contextual Background to the Study
The exploratory study was conducted on a capstone undergraduate course in Process Metallurgy, namely, Physical Chemistry of Iron and Steel Manufacturing (capstone) at the University of Witwatersrand ( Table 1 ). The teaching and learning practices in this course involves traditional lectures based on PowerPoint lecture notes and discipline specific scientific journal articles. Group tutorials during designated tutorial periods are used to compliment the understanding of the disciplinary content based on selected knowledge areas. Based on observations from previous (2016) (2017) cohorts, the under preparedness, poor attendance in tutorials, and the students taking the tutorials as opportunities to solicit for answers from the facilitator were some of the challenges that affected the effectiveness of the conventional approaches to tutorials. In view of these challenges, RPTA was implemented as an alternative teaching and learning strategy. The broad objective of this study was to evaluate the impact to disciplinary learning and the perceptions and preferences of students to RPTA over the conventional tutorial approaches. The following research questions were investigated: (i). What is the impact of reciprocal peer tutorial assessment on understanding of the disciplinary concepts covered in the course? (ii). What are the students' perceptions and preferences towards the reciprocal peer tutorial assessment process? Key assessment criteria Solving analytical, computational, and discussion problems; Process flow sheet design considerations in selected unit processes.
Methodology

Reciprocal Peer Tutorial Assessment (RPTA) Strategy
The learning outcomes of the course were broken down into four knowledge areas in iron and steel manufacturing, namely, (1) fundamental principles (thermodynamics and kinetics and transport), (2) blast furnace operation principles (raw materials engineering; equipment, process design and operation; process chemistry), (3) oxygen steelmaking (equipment, process design, and operation; process chemistry), and (4) secondary metallurgy principles (equipment, process design and operation; clean steel strategies). A tutorial assessment was designed for each knowledge area, making a total of four formative tutorial assessments for the course (Table 1 ). Disciplinary and conceptual knowledge was tested in the form of short theoretical and computational tutorial practice questions. Each tutorial test was designed not to exceed 40 min per session. Figure 1 shows the flow of activities during the RPTA exercise. In order to ensure the autonomy of students' learning during the RPTA process, the facilitator acted as an umpire and provided clarity when necessary.
The approach adopted in this study is similar to a previous study conducted by Gray [12] . As highlighted in Stage 3 of the process, random tutorial scripts were selected and re-assessed by the course facilitator. Collorary to the conventional approaches to assessing students' work, the current intervention also assessed the objectivity and level of disciplinary knowledge of the assessor. The conditions of engagement, highlighted in the course brief circulated at the beginning of the semester, clearly indicated that a mark would be deducted from the assessor for every infraction on objectivity. In the event that lack of objectivity and consistency was identified, the facilitator deducted an equivalent of marks from the assessor's tutorial test mark. This was done to ensure fairness and reduce incidences of prejudice during the assessment process. The approach adopted in this study is similar to a previous study conducted by Gray [12] . As 
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Data Collection
At the end of the teaching period, a pencil and paper questionnaire was distributed to the 2018 (class size = 52) cohort in order to evaluate how the peer tutorial assessment impacted on students' learning. The survey instrument (Appendix A) consisted of thi13rteen Likert-scale questions and three open-ended questions. The Likert-scale questions relied on the scoring 1 (strongly disagree) to 5 (strongly agree). The open-ended questions solicited responses on how the RPTA intervention positively or negatively affected one's own learning, as well as on how the course facilitator could improve on the peer assessment practice. The open ended questions also provided flexibility on any additional information the students were willing to share.
Ethical Considerations
Before the survey instrument was distributed, the students were assured of confidentiality and the voluntary nature of the exercise. Since the survey instrument was targeted at a specific group of students within a specific year and subject of study, it was, therefore, difficult to eliminate the variables of the sample being known to the researcher. Thus, to ensure anonymity, the questionnaire was conducted according to the University ethics guidelines of conducting students' evaluations, wherein the students filled in the questionnaires and the class representative placed them directly into an envelope in the absence of the facilitator. Thus, the voluntary submission of the questionnaire was considered as consent to participate in the study.
Data Analysis
Descriptive statistics were adopted to analyse the responses from the questions based on the Likert scale. Out of the class size of 52, the average response rate for Likert scale questions was 65%, and this was considered to be acceptable for the scoping study. The Likert-scale questions were broken down into three categories, (1) to evaluate the students' familiarity of the use of reciprocal peer-tutorial assessment as a teaching and learning strategy, (2) to evaluate the impact of reciprocal peer tutorial assessment on disciplinary learning, and (3) to evaluate the students' perceptions and preferences on the reciprocal peer tutorial assessment strategy. The analyses were conducted using Microsoft Excel®2010. The open-ended questions were analysed based on text analysis by selecting the frequently appearing responses and/or key words in the responses. Table 2 shows the students' level of prior knowledge and prior exposure to reciprocal peer assessments as teaching and learning strategies. Out of the 35 respondents, 60% confirmed that they did not have any prior exposure to reciprocal peer tutorial assessments as a strategy for collaborative learning during tutorials. On the other hand, 25 of the 35 respondents (71.4%) confirmed familiarity with the expectations of the reciprocal peer assessments adopted in the present study. The high level of familiarity by students was expected since the procedure and conditions of engagement of the RPTA were distributed at the start of the teaching period. Table 3 shows the impact of reciprocal peer tutorial assessment on disciplinary learning. The objective was to evaluate the impact of RPTA strategy on the understanding of the disciplinary concepts covered in the course, and also to evaluate how the current interventions enhanced students' own learning and interest in the subject. Ironically, only 32% of the respondents believed that the RPTA had a positive impact on understanding the disciplinary content. Furthermore, only 29% of the respondents cited that peer tutorial assessment increased their interest on the subject.
Results
Students' Prior Knowledge and Exposure to RPTAs
Impact of RPTA on Disciplinary Learning
In addition, only 50% of the respondents confirmed that peer assessment in tutorials enhanced their own learning (Table 3) . Despite the low ranking in the Likert-scale type responses, 31 students responded to the open-ended questions on how the RPTA positively impacted their learning experiences. From the text analyses of students responses, some of the most frequently cited reasons include healthy competition among students (freq. ×13); different perspectives to problem solving (freq. ×9); opportunity for intellectual debate, learn more on concepts, and identifying common mistakes (freq. ×6); and exchange of ideas from positive interaction between facilitator and students (freq. ×3). According to one respondent, "the different responses from peers increased my understanding of concepts, and I was able to see how peers viewed different concepts". Other respondents cited the opportunity to understand better when some of the concepts were explained in simple terms by peers and the better clarity as a result of the different perspectives/approaches on the work from peer discussions.
The RPTA strategy was deliberately designed to emphasise on testing disciplinary knowledge using short theoretical and computational-based tutorial practice questions. The majority of the respondents (97%) concurred on the need for high understanding of the disciplinary concepts in reciprocal peer tutorial assessments (Table 3 ). Six respondents concurred that the approach was a good and effective way to force students to engage with concepts and prepare beforehand. Nevertheless, some respondents (freq. ×5) doubted their peers' level of disciplinary knowledge, and felt that that they were marked down due to assessor's lack of knowledge. In particular, some respondents felt that some of the responses from peers were confusing, and succinctly stated that it was "confusing to read someone's work if you don't understand the concepts".
Based on the analysis of open ended questions, several reasons were cited as the major constraints to disciplinary understanding and self-interest in the subject (freq. ×13). Commonly cited reasons affecting the understanding of concepts include time constraints to prepare for the tutorial tests; under preparedness leading to anxiety over the impact of the assessments on the year mark; too much work resulting in unnecessary stress, anxiety and pressure; and deliberate focus on marks other than real learning. Since the scheduled dates for the tutorial assessments sometimes coincided with assessments in other courses (freq. ×10), the increased workload thus entailed that some students would be under prepared for the tutorial practice test, and would thus be forced to cram. In fact, one respondent succinctly stated that the high workload as a result of the RPTA practices "forced me to spot questions rather than fully applying my mind".
Students' Perceptions and Preferences on the Peer Tutorial Assessments
The final set of questions was designed to assess the students' views on, or with, the overall peer tutorial assessment process. The students were tasked to rate their objectivity, if they enjoyed assessing their peers, and whether they would recommend the same approach in other courses. The results reveal mixed responses to the overall perceptions of students on peer tutorial assessment (Table 4) . Interestingly, 51% of the respondents were happy with the way they were evaluated by their peers evaluated enjoyed assessing their peers. However, only 17% cited that they enjoyed assessing their peers. Apparently, the discomfort in assessing peer assessment arose from students doubting their own capabilities to evaluate their peers whom they perceived to be more knowledgeable than them. Based on open-ended questions, some respondents cited that they felt incompetent and were embarrassed from their poor performance during the tutorial tests. Overall, 60% acknowledged that they were objective in assessing their peers, while 66% confirmed that they did not consider the reciprocal peer tutorial assessments to be an opportunity to level grudges. Table 5 shows the results of the students' preferences to RPTA. Despite the obvious opportunities to discuss the content and learn from their peers, 60% of the responded would not recommend the use of reciprocal peer-assessments in other courses (Table 4) . Overall, 51% of the respondents cited that the exercise was too much work for them, and explicitly cited expressed explicit preference to replace the tutorial tests with a take home assignment. Other reasons cited for the negative perception on the reciprocal peer tutorial assessments included difficulties with assessing peers' work, opportunities for peers to cheat and award each other marks, and the RPTA exercise being time consuming and boring. 
Discussion
Based on a two-stage reciprocal peer evaluation in tutorial tests, this study explored opportunities collaborative learning in order to enhance students' disciplinary learning and engagement in a capstone course in Process Metallurgy. Tutorial-based assessments are an important platform for providing both academic and personal support [2, 7] . Previous studies clearly attest the importance of reciprocal peer tutoring and its variants to be vital tools in reflective and self-directed learning by students, providing feedback, and in identifying strengths and weaknesses in students' learning [5, 7, [10] [11] [12] 14, 16, 18] .
Based on students' responses, the opportunity for intellectual debate and experiencing different perspectives to problem solving by peers was rated to have positively impacted on the understanding of disciplinary concepts. This is because some students understood the concepts better when they were explained in simple terms by their peers. In fact, several studies affirm that the students who studied with reciprocal peer tutoring demonstrated a better disciplinary understanding of the material tested [5, 14, 15, 17] . Since the facilitator's role was reduced to only to umpiring, the timely feedback from peers also significantly reduced the pressure of dealing with large tutorial cohorts [11, 12] .
Furthermore, the importance of prior understanding of the disciplinary concepts forms the key precept for students to fully benefit in RPTA [5] . This realization, complemented with positive effects of RPTA on incentivising the students to prepare beforehand, provides synergistic benefits for self-directed learning. Thus, reciprocal peer tutorial assessments provide a good and effective way to force students to engage with disciplinary concepts and prepare beforehand, as well as helping them to identify their competencies and weaknesses [5, 7, 9, 12] .
An in-depth analysis of open-ended responses revealed that reciprocal peer assessment in tutorial tasks enhanced healthy competition among students. The beneficial effects of healthy competition on students learning has been widely explored in game-based learning [23, 24] . These studies proposed that competition is vital to student learning by providing additional challenges and motivation, as well as opportunities for active participation in the learning process. Thus, in this case, RPTA can act as a motivational trigger that can stimulate students' engagement and persistence in the learning activities. In other words, when in a healthy competition with others, students tend to work harder and, invariably, improving their knowledge in the process [24] .
Nevertheless, competition among students can also have unintended negative impacts on disciplinary learning and students' engagement [23] [24] [25] . Some of the respondents noted the RPTA provided opportunities for peers to cheat and award each other marks. Since the RPTA contributed 20% to the year mark for the course, competition linked to external rewards in the form of year marks can invariably lower the students' sense of control, leading to reduced intrinsic motivation [25] . Clearly, some respondents cited that the RPTA exercise was too much work for them, time consuming and boring, and explicitly cited expressed explicit preference to replace the tutorial tests with a take home assessment task. Furthermore, the anxiety over year marks highlighted by students can also have significant implications on the apparent surface and superficial learning strategies adopted by some of the students [20, 22, [27] [28] [29] [30] [31] [32] . As opposed to deep learning approaches where a student engages meaningfully with disciplinary content, there was tendency towards surface learning approaches associated with memorization without any meaningful engagement with the concepts involved [20, 22, [27] [28] [29] [30] [31] [32] . Although not validated by findings from the present study, the negative perceptions and preferences to RPTA could have significantly precipitated the undesirable learning strategies adopted by some of the students.
The findings highlighted discomfort by students in assessing their peers whom they perceived to be more knowledgeable than them. In fact, some students cited that they felt incompetent and were embarrassed from their poor performance during the tutorial assessments. Thus, such students may be discouraged by the perceived persistent underperformance against their peers [21, 23, 24, [34] [35] [36] [37] . This sense of social comparison can, in fact, negatively affect the students' self-efficacy, thereby undermining performance [21, 23, 24, [34] [35] [36] [37] . Self-efficacy, defined as the personal belief that an individual has the means and capabilities to attain prescribed learning goals, is a key component to self-regulated learning [34] [35] [36] [37] . Inasmuch as students with high self-efficacy tend to be motivated to take up more challenges and control of their own learning, those with low efficacy are most likely to get frustrated, give up, and or/or engage in unethical behaviour to boost their year marks [34] [35] [36] [37] .
Furthermore, the reciprocity of learning among peers forms the fundamental tenet of collaborative learning in the current RPTA strategy. Based on findings from a study evaluating the students' attitudes towards reciprocal peer tutoring, helpful group members, opportunities to work in groups, feedback from groups, comfort from peer interaction, and the opportunities to share knowledge were some of the obvious benefits of reciprocal peer tutoring [16] . Other scholars proposed that the success of reciprocal peer tutoring lied in the social and cognitive congruence between the peers [17, 38] . Thus, for RPTA to be successful, it has to be based on a high level of mutual assistance, mutual trust, social acceptance and positive reinforcement among the students.
It is also clear that the benefits of the RPTA strategy in the present study could have been negated by the low levels of trust among peers. For example, some students explicitly stated that they doubted their peers' level of disciplinary knowledge, and felt that they were marked down due to assessor's lack of knowledge. These challenges are congruent to findings in previous studies [12, 19, 20, 26, 39, 40] . In particular, the findings from previous studies clearly highlighted the students' doubt in the reliability, validity and objectivity of peer assessments, and that the students preferences to learn from an expert academic rather than from inexperienced peers [12, 19, 20, 26, 39, 40] . An earlier study by Gray [12] also concluded that students tended to be hard on their colleagues, seemed to be reluctant to award marks for other than obviously correct answers, and struggled to comprehend poorly expressed answers. However, despite these challenges, RPTA provided the students with opportunities to understand the expectations of the assessments in the course under study.
Conclusions
The findings from this exploratory study highlighted the delicate balance between the obvious benefits and the unintended consequences of adopting reciprocal peer assessments during tutorials. Due to complexity of factors affecting student learning in any given set up, the synergistic benefits of RPTA were obviously negated by factors such as negative perceptions and preferences towards the assessment methods, low level of trust among peers, anxiety over year marks, time constraints and discomfort due to perceived incompetency when compared to their peers. Overall, the link between disciplinary understanding and engagement on the overall pass rate in the course requires further analysis, and is a subject of further study in the next phases of the study. Based on the design-based research methodology involving multiple research cycles of design, testing and observations, evaluation and reflection [41] [42] [43] [44] , the next stage of the research is to conduct detailed trend analyses of the students' responses, and correlate the trends to the summative disciplinary competencies over a period of three academic years. Overall, the results from this study form an important basis to inform the design and continuous improvement of the peer learning interventions in the Process Metallurgy discipline.
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